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SYNOPSIS 


Adsorption of Na-Myristate has been studied in the 
systen irutile woter dodecane. IThe distribution of Na-nyrist 
between mter and dodecane was measured as a function of 
pH. The effect of this surfactant on the water - dodecane 
interfacial tension has also been measured. Adsorption of 
Na Myristate at the rutile mter interface has been found 
to be much smaller than at the rutile - dodecane interface. 

In the pure 3 phase system the contact angle is 
found, to be zero. Addition of Na - Myristate resulted 
in finite contact angles, the contact angles were found 
to be very sensitive to the concentration of Na-Myristate 
and the pH, 

The relationship among adsorption, interfacial 
tensions and contact angles ms investigated and estab- 
lished in terms of the order of magnitudes. 

A quantitative determination of the adsorption 
magnitude at the 3-phase interfece and the subsequent 
interfaces ms attempted, but the attempt was not success- 
ful owing to the experimental difficulties and the use of 
a weak p-emitter namely Myristic acid. 


atr 



CHAPTER I 


INTRODUCTION 


Flotation is characterized bj the establishment of 
contact among three phases- In froth flotation these 
phases are the solid to be floated, an aqueous electrolyte 
solutions and a gas usually air. This gaseous phase mc.y be 
replaced by an organic liquid phase . Essentially the 
understanding of the flotation systems is based on the 
understanding of the phenomena at the three interfaces 
which separate these three phases. 

The collectors used in flotation processes are hetero- 
polar surface active agents, adsorbed from dilute solutions 
on the interfaces characterizing a solid-liquid-gas or solid- 
TO,ter organic liquid system. Simultaneous adsorption on 
the three interfaces in a three phase system and the quan- 
titative determination of the adsorption density has lately 
received tremendous amount of attention because such studies 
are crucial for understanding the process of accumulation 
of mineral particles in the vater-air (flotation) or wsiter- 
organic liquid interface. 

12 5 

1*1 Young * s Eqi:tation and Contact Angles ^ . 

The thermodynamic condition for stable equilibrium 
of the three phases vhich are sep irated from one another 
by a contact line is expressed by the Yotmg equation. 











'iCuXw ■ interfacial te 
water s : solid. 
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'fsi.-i'sj =/-a 6c 

where , 

= Interfaciel tonsi^n between selid/orgenic 



liq.iiid phase 5 

Intcrfacial tcn3i:;ii hotwccri e.'li'1/v^ater pha 
Interfacial tensien betv/oen 7*r. ter/ organic 
liquid phase, and 


8 = ' ; contact angle measured across the 

water phase in the system solid- we. tor- 
liquid (organic). 


Ihe Young equnti'n is valid only under equilibrium 

conditions and if the solid is non-deform-ablo . If a 

solid phase is deformable, i.c, has 'a. Young's Ilodulus 
10 / 

below 10 dsmes/cm, as will be the case for rubber and 
certain gels, the Young equation will be invalid. 

In order to have a stable c.-ntact it follows from 
equation (1.1) that the inequality.' 

SL - "^SIV ^ wii 

must be sc.tisfied otherwise the Young equation ?/ill give 
an imaginary value of 6. Since the Young equation is 
applicable only to equilibrium systems, it is important to 
note that the surface tensions expressed in equations (1.1) 
and (l.2) refer to the boundaries between three phases, 
mutually sattmated with respect to one another. 



If water coiapletaly wets the solid surface, then, 



end the organic liquid phase is sepaisted fror the solid 
not hy an adsorhed filn hut hy a nacroscopically thick 
layer of vrster and the contact angle is zero. Both the 
equEti.)riS ( 1 . 2 ) and (I.5) ere import: -nt in flotation or 
equivalent systems (whether the third phase is air or 
organic liquid) . 

^ Inter faces (Solid/Liquil, Liq ui d/G-as or Organic Liquid, 
S.. lid/(jas or Organic Liquid} ; 

l‘o increase the magnitude of the contact angle , or 
to establish a finite contact angle in the case of solids 
vdiich Eire completely wetted by water, the difference 
( must d e crease - 

Ihe Young equation (1.I), gives no information as 
to the changes in the surface tension of the three inter- 
faces. Shis infojxiation may be obtained from the G-ibbs 
Adsorption Equation formulated for each interface .Erom 
thermodynamic reiterations it is postulated that 

ai' = -s" d.T ~ (1.4) 

where , 

= intensive thermodynamic property of a two ph.ase 
system called surface tension, 

= surface entropy 

= Adsorption density of the i-th adsorbed species, 
= chemical potential of the i-th species. 



Since wa are nainly interested in constant terperoture 
ani pressure processes, the Gibbs equation ?;hen applied to 
flotation system become s, 

d't = - 2p^ d>a^ (1.5) 

Therefore the adsorption density of the i-th coaponent 
relative to that of component l is defined by the 
relation , 



J-L 

oM, 


all * s except 


and 


or introducing the activity terri, 


n 


A. ( ) 

N a 1 V. / -T 


Q In ^Tjall M.'s except and ^ 

If very dilute solutions are being de,alt with, then activity 
coefficient terns are approxinated t: be unity. 


(1 


However, sone experimental workers have also 
employed a constant and large concentration of neutral 


electrolyte, so that small variations of concentrations 
in dilute surfactant solutions do not alter the activity 
coefficient terns. 


n = _ J™ ( 

I i - 7!T ^ 


pr 


RT ' c In 


) 


T, all-^’s except and 


(1 


Solid/liquid and solid/gas interfacesc changes in 
interfacial tension cannot be measured directly but may 
be obtained from adsorption density neasureaents as a 
function of concentration. A plot of vs. is referred 
to as Adsorption Isotherm, 



6 


Pro- (1.7), 

aT - m P ^ d In 


( 1 . 8 ) 


^rea under the cur¥e of a plot of P . vs In C. 

i X 

bet?/eeii the liriits and C2 gives the value of4^i>% hetvjeen 
- C2, using the usual notations, 


Kjq 

= - m J d In C 

^ PsL i iJ’ 0 

c:!" 


(1.9) 


(1.10) 


Hov from (1.I), 


A^'^'sh - A'>^S¥ =APgL 9e 

Substituting (1.9) and (I.IO) in (I.II), 

°2 OJ 

- a® C / Tsl 4 iJ'- 0 - / Psv 4 0 J 

0* 

= Alpvi, 00 s (1.12) 

De Bruyn, Overbeelc and Schuhmann''^ in 1954 sho?/ed 
bj a thernodynanic analysis of the three phase flot* tion 
systeui that if a solid were to be cone floatable the 
adsorption density of tbs collector at the solid/gas inter- 
fece Eiust exceed the adsorption density of the collector 
at the solid/liquid interface, i. quantitative confimation 
of the prediction laade by Be Bruyn et al was given by 
Snolders^ in 1961 for the systen, loercury/ilqueoua solution 
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of sodiua-decyl sulfonate/hydrogen gas. In this systei: it 
is possible to deternlue exparicentally the surface tension 
of all three interfaces. Ihe slope of the 1^- log concen- 
tration c;irve vas a direct neasuxe of the adsorption density 
and it was foioid that at all concentrations, •i-f/ d log C 
is greater for the Hg/gas than for the Kg/lipuid interface. 

He also pointed out that the measured contact angles are 
in good agreement with the oontact angles calculated from 
the Young equation combined with G-ibbs Adsorption equation. 

J.H. Schulman and J, Leja^ in 1954- aaid that oil in 
TEter emulsions are stabilised by solid poader when contact 
angle is < 90°. If contact angle is > 90° aster in oil 
emulsions are promoted. Stabilisation can be achieved by 
Iot; energy solids like talc etc. or hydrophilic solids 
coated with surfactants. The contact angle developed is 
the resultant effect of the density of coverage and the 
length of the hydrocarbon chain. Density of coverage 
depends upon the nature of solid surface, collector concen- 
tration, pH, polar group of surfactant etc, 3a 30., witer- 
benzene systems were investigated in presence of sodium 
oleate, dodecyl sulphate etc. The adsorption measureirients 
were hov/ever not done. 

Apian and Be Bruyn'^ (l 9 63) supplemented the fact surfaced 

4 - 

by Ite Bruyn earlier, by experimentally determining the 

adsorption of Hexyl mercaptan on gold from the liquid and 

# ■■■■■■ ■ ■ ■ ■ ■ 
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the CCS phase and conclude 1 that adsonption on the solid/ 
gas interface is higher than on the other interfaces. 

She adsorption at the solid/gas interface ?;as neasured "by - 
the xic Ban halance for the systen ’gold powder - aqueous 
solution of wealcly dissociated collector - and a gaseous 
phase nitrogen saturated with respect to both wr.ter vapour 
and mercaptan vapour. 

Mellgren and H.l. Shergold,^ (1966), whilst dealing 
with the recovery of ultrafine mineral particles by extrac- 
tion with an organic phase stressed the importance of the 
contact angles for the system- quartz particles in water- 
iso-octane interface in presence of lauryl amine and found 
that extraction is higher with higher collector concentra- 
tion and maximum at intermediate pH 6-8. 

Q 

Beckker and Gaudin , -sroriced on the system quartz- 
water-Bodecane modified by Bodecyl ilmine as collector, 
and succeeded in establishing a relationship among 
adsorption, interfacial tensions and contact angles. The 
graphical integration method was used to determine the 
changes in the quartz/dodecane and quartz/ water inter- 
facial tensions as a function of amine concentration at 
constant pH and ionic strength. 

Somasundaran (1968), studied the system quart z- 
weter-air, and used BBLl as collector. He also found by 
using the adsorption data of li (Ph.B. fhesis, M.I.T.) 
and determining the adhesion tension cos 9; that the 
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c.dsor,:tior at tbe solid/gas interface is greater than 
at the tvro interface. Actual measurements at solid/ gas 
interface were not made, 

i 1 

A cori:Blation was made hy Shergold and Eellgren ' ,( 1969) 
■between tha percentage of hematite concentrated, the 
extent of adsorption, electro-hinet ic properties and the 
contact angles "between the three phases, in the system, 
hematite iso-octane -water with Dodecyl sulphate. 

It ¥;as found that 100 percent of hematite was 
concentrated at the oil isEiter interface when the heraatite 
zeta potential was zero. Adsorption density 'vwis measured 
from the acjueous phase and not from the organic phase. A 
semi-theoretical ec^uation was deduced stating that £s. 
is proportional to the adsorption density. 

12 • 

Shergold and Mellgren extended their vrork to find 

the distribution of amine between the organic and the 
aqueous phase. Adsorption density was calculated only 
from the aqueous phase, the ¥X)rk of adhesion 

\ = ^ow cos e) C 1 . 13 ) 

?/as determined and 100 percent recovery of quartz was 
reported when equilibrium aqueous amine concentration 
are such that “^potential is zero and contact angle is 
around 90° . 



Ibe presence"*^ of large anounts of neutral amine in 
the organic phase produced higher contact angles. Shis 
effect was hov/ever, dependent on the presence of cationic 
-.nine in the aqueous phase. In alkaline solutions, the 
contact angles, work of adhesion, percent recovery and 
adsorption density decreased rapidly as a function of cor4- 
centration. She decrease in these variahles correspond to 
a decrease in the cationic amine concentration. Hematite 
Was never completelj^ wetted by the oil phase. 

Lin and Letzer'^^* (1972) presented a method based 
on the neasurement of surface tensions and contact angles 
as a function of collector concentration , by which the 
quantitative adsorption at the 3-phase interface can be 


determined. 



where , 


r 

-f 


SL 

LG 

R 


P 

I 

C 


^SL 

Plg 


LG d co s ^ . n , n 
pRI d In G ' 5 SL * LG 


cos 6 


( 1 . 14 ) 


= adsorption density at the solid gas interface 
= interfacial tension at the liquid/ gas phases, 
= universl gas constant, 

= constant, 

= temperature in 

= equilibrium concentration of the collector 
in aqueous solution, 

= contact angle measured in the aqueous phase 
= adsorption density at S/L interface, and 
= adsorption density at L/G interface. 



^•5 Distri b utiorj Coeffici ept: 

I‘he distribution coefficient ?t c particular collector 

concentration and pH gives the relative amounts of material 

12 

in the organic phase and the aqueous phase . 


g- _ lotal Fatty ?Iaterial in Organic irh asc- 

^ lotal Patty llaterial in Aqueous Phase 

. 0 . 15 ) 

iRGOO“| IrCOOH}^ 

where , 

Kjj = apparent distribution coefficient; 

IRCOOEIq = fatty acid in organic phase, 
iRCOOHj^ = fatty acid in aqueous phase. 


Prom equation (l.6) it is possible to calculate the 
actual distribution coefficient v/hich is defined as 


P 


|R.COOHi 


0 


iRCOOHj, 


( 1 . 16 ) 


15 

Povmey and Jordon have published data on the hydrolysis 
of sodium salts of fatty acids where from it is possible 
to come down to equation (1.7) as has been shown by 
Dixit and Biswas . A detailed reiteration is made else- 


\vhere in the text. 
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^ ^ - ^vi-tora diog raphy an d Jracer le chri ique s: 

17 

Lxcroautoradiogxaphy as introduced ^ 3 / rlaskln in 
1957 is e technique whereby the nineral surfr.ce unier inves- 
tigation is conditioned lath a solution of beta labelled 
collector, washed dried and contacted with a beta -sensitive 
enulsion, which gives a auto-radiogran, OJhis is utilised 
in predicting many a complex problems of the I'ineral surfaces. 
She analysis of a auto-radiogrc-a is accomplished by a photo- 
meter, which relates the transnittaiice to the contours of the 
material adsorbed on the interface. 

iR 

rlaskin and Shafeyev in 1957 with the help of the 
autoradiograms for the distribution of xanthate on the 
surface of sulphide minerals were able to predict the hetero- 
genity of the distribution of the xanthate over the mineral 
surface, and explained this by saying that the sulphide 
mineral surface is not equi-potential. 

Erom Plaslcin's 'NOT'k the line vsas tov/ed by many vtrorkers, 
to establish a direct method of measuring the adsorption 
densities at the various interfaces and at the three phase 
interface where the adsorption density is said to be maximum, 
ilazumdar and Vishwanathan have towed the line and h^ ve 
established in terms of count rate that the meximuir. adsorp- 
tion occtirs at the 3-phase interline, which is consistent v/ith 
19 

Slasseen’s work , 

■ ' . , S . ' ~ , -H, — 


^3:acer Te chn iq-ues : 


Radioactive isotopes are profit? tie research tools 

eva liable for studying the diversified and coiaplez problems 

20 

arising in the dressing of ninerals. Indeed, laggart has 
observed that their applicability is limited only by the 
iragination of the investigation. The use of r;dioactive 
isotopes as a scientific tool is not new, but it is only 
in the l.st few years that they have been made available 
ill quantity and at a reasonable cost. 

She instruments nonnally enploye-i to detect the 

ionizing events produced in gases on exposure to radiation 

23 

are ionization chambers, proportional contours and Geiger 
iduller counters. Ihe end window type Geiger Muller counter 
has been used frequentl;r in mineral rlressing investigations 

Tracer technique measurement of adsorption at the 

/ 21 — 2 . 6 
B/L interfaces have been widely discussed . But tbe 

literature on simultaneous adsorption at the interfaces 

of the 3-phase system, is scc-nty. 

19 

Mazumdar and Vishwanathan of BilRC have measured 
the radiations coming from a solid surface, where a three 
phase contact had been established. This wr.s accomplished 
by using a 'series of concentric lead discs of varying diame 
ters which -srere used to mask thennwt:.nted areas. 



1,5 Philosophy of the Problen 


In vl377 of increosing importance of flotation pisc- 
tic-3 and the technological possibility regarding the 
process of acciimnlation of nltrafine mineral pov^ders at 
the water/organic liquid interface, it is desirable to 
understand the adsorption behaviour of collectors at the 
various interfaces and to seek a correlation bet?/een the 
contact angles, interfacial tensions and the rjc.gnituae of 
adsorption on solid surface from both aqueous and organic 
liquids. A study of the distribution of the collector 
between the t\vo phases is called for prior to subsequent 
adsorption, interfacial tension and conte^ct angle studies. 
Rutile-'water-dodecane-cyristic acid and its sodiurq salt 
offers itself as a convenient system for detailed study. 

Irom the literature, it is clear that very few workers 
have measured the magnitude of adsorption of collector from 
the organic liquid phase although the importance of contact 
angle, interfacial tension and zeta potential studies have 
been stre ssed . 

Investigations on the chosen system pursued on the 
following lines, were considered useful towards elucida- 
tion of fundamentals regarding the technological process 
mentioned earlier. 



Stuiy or. the distribution coefficient of sodiiri: 
nyristate between the dodecane and the ’/.ater phase, 
varying the ila-nyristate concentration in the 
aq.ueous phase and pH. 

Oontact angle and interfacial tension studies 
varying the collector concentration and the pH. 

Adsorption studies with reference to variation of 
pH in the water phase and the collector concentra- 
tion in both organic liquid (dodecane) and ^'riter 
phase. 

Direct laeasureiaents of adsorption ric.gnitudes at the 
three phase interline as a function of pH and con- 
centration of sodixm nyristate. 

Correlation of the adsorption, contact angle and 
interfacial tension studies vd.th particular reference 
to adhesion tension and changes in solid-liquid- inter- 
facia.l tensions as computed through the use of 
Gibbs adsorption equation. 

Prediction of optimum conditions for recovery of 
rutile slime in the mter-dodecane interface using 
sodium Eiyristate as collector. 



GH^POIER II 


Mt^IERIA liS 

In the present work aiaed at studying the interfacial 
phononenons. Rutile-veter-dodecane systen has been selc-cted 
as dodecane is almost insoluble in vaster and the three 
represent stable pha^s. . 

Ihe collector used throughout the course of experiments 
y&s sodiuB-myristate details of the 

chemicals and the materials used aro mentioned below. 

2.1 litanium Dioxide (i'iOg)^ 

Ihe sample of rutile (TiOg) powder yr.s procured from 
Llay and Baker ltd., Dagenham, England. Ihe estimated 
purity 7/as greater than 98 percent and contains not more 
than 0.5 percent water soluble substances. 

2.2 Collector : 

So diun-myri state was used as collector throughout 
the cotarss of the experiments. 

ilyristic Ac id: 

Ihe untagged myristic acid was obtained from the 
iiomel Institute fatty acid project at University of 
liiniiesota , Ua.. Estimated purity was > 99 percent as 
determined by gas-liquid and then layer chromotography 
analysis. Properties of myristic acid are listed in lable 1. 
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Preparatio n of SodiT;^i_ lly ristate ; 

i‘he procedure followed was sinilar to that of 
32 

Eojigi . Ik^uiTjalent amounts of n 3 rristic acid and analy- 
tical grade sodium hydroxide were transferred to a round 
hotton flask: and 50 nl. of dry absoluts alcohol was aided. 

I'he ethyl alcohol used had been distilled, I:ept overnight 
over quick lime and redistilled. 

The Yi?hole mass was reflexed over a v/c-ter bath for 
about an hour. Subsequently, excess alcohol was reno-ved 
by evaporation and syrupy mass was poured hot in acetone 
which had been distilled after keeping overnight with CaClg- 
Sodium myristate thus precipitated was filtered and washed 
with acetone. The dried powder was stared in a cool dry 
place. 

liabel le d livristic Acid : 

The labelled myristic acid was obtained from isotope 
division of Bhabha iktomic Besearch Centre, Bombay. The 
specific activity of the acid is reported to be 3*27 nC^/m.mole. 
The labelled myristic acid v/as obtained in solid form and 
was dissolved in benzene. 

2.3 n-Bodecane: 

The Sample was procured from BBH Chemicals Ltd., 

Poole, England, estimated pxirity was greater than 99 percent 
as determined by gas-liquid chromatography, n-dodecanc was 
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distilled at 215°C, and the residue left behind vsas 
rejected. Ihe properties of n-dodecane are listed in 
Table 2, ■ 

2 • 4 Hutile Single Crystal: 

L S3rnthetic rutile crystal supplied by the Linde 
Co., Chicago, USut was used. It was cylindrical in shape 
1/2 in. dian, , ?;ith faces cut perpendicular to the G-axis. 
The ciystal has been stated to be alunina free and 99.9 per- 
cent pure. Rutile is a high surface energy solid its calcu- 
late! a'^eraae field strength being 2.7 x 10^ e.s.u.^"'. 

2*5 Other Ghen icals : 

Other cheirdcals used for analytical purpose were 
all of analytical grade. Rhodamine 6G used was supplied 
by BIH, England, 



CHAPTER III 


EXPERIMEHTS AKD HE3PLTS 

In the present m)rk, distribution of sodiur nyristnte, 
contact angle, interfacial tension and adsorption aeasure- 
ments have been done. In this chapter the ezperirental 
techniques are described briefly and the experimental 
results are presented. 

3.1 Critical Licelle Concentrati on L e_a_s urenent_: 
a) Conductivity Technique ; 

The conductivity was measured in ‘Kundoktometer 

E-582* model apparatus. The cell constant of the conductivity 

— 1 

cell ms 0.8172 cm . The measurements were done at a cons- 
tant temperature of 25 + 0.1°C tripple distilled water of 

fi ' — — 1 

conductivity 1 x lO"* to 2 x 10 mhos. cm was used for 
all conductivity measurement. 

T echnique : 

Critical micelle concentration of sodium myristate 

was determined by the colorimetric (dye titration) method 
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of Corrin and Karkin. 

The change of color from fluorescent greenish red 
to non fluorescent red corresponds to. the c.m.c. of sodium 
myristate. This change in color is due to preferential 
solublization of one of the tantomeric fomns of the dye 
within the interior of soap micelles. The absorbance value 
was measured at 415 . • 
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This change in color was deteiHined by the abr'apt 
increase in absorbance ¥al'ue of the solution using spec- 
tronic 20 colorimeter. The corresponding concentration 
at which the absorbance ¥alue abruptly increases gives 
the c.m.c. value of sodium myristate* 

The results of specific conductance measurements 
(lig. 9), Table 3) show a sharp increase in the specific 
conductance of water at a I'Ta-myxistate concentration of 
2 . 842 ; (moles/lit), which determines the c.m.c. of 

Ha-myristate. 

The absorbance values of sodium myristate has been 
shown in lig. 10, Table 4 . The sharp change in the ab en- 
hance value gives the c.m.c, of sodium myristate. The c.m. c. 
value of sodium myristate hy this technique is found to be 
1.6 X 10"*'^' (moles/lit,). 

The c.m.c. Values obtained from (a) conductivity 
measurements, (b) colorimetric measurements came out in a 

close agreement to the c.m.c. value of 2.9 x 10”“^ moles/lit. 
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published by Powney and Addison 

3.2 Surface Area Determination of TiOg Sample: 

The surface area of the rutile sample was measured 
by adsorbing p-nitrophenol on the rutile surface, as des- 
cribed by Giles. ^ Qne gram of dry rutile por;der was 
taken in different p<|Lytbene twttles and 20 ml. of aqueous 
p-nitrophenol solutic|as of different concentrations were 
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transferred to each of the bottles. Ihe bottles were 
■vigorously shaken and later kept In a thermostat at 30 + • 1 
for about six hours. Ihe supematent liquid ibs analysed 
colorijnetrically using the standard curve shown in Fig. 2. 

She pH was maintained at all times at 7*00 +0*1 
absorbance was measured at 400 mJx* 

The adsorption isotherm so obtained is given in 

Fig. 3» and values in Table 5- From the plateau of the 

4 2/ 

curve the surface area was calculated to 1.53 ^ 10 cm /gm. 
The cross-sectional area of p—nitro phenol molecule was taken 
to be 25 as per Giles’ suggestion. 

3* 3 Tracer Technique for Sodium Myristate Estimation: 

The tracer element carbon— 14 used to label myristie 
acid is a weak p-eraitter and has a half life of 5700 3 rears. 

The maximum energy of p-range is 0.155 Mev and would 
penetrate a layer of 0.2 cm thick msrristic acid. Most of 
the p— particles have less than this energy. Therefore* if a 
very thin layer of sodium myristate is formed on the planchet * 
the effect due to self-ab sorption can be minimised. The best 
results can be obtained if the count rate is high compared 
to background, geometry is reproducible and the counting 
device shows s-fcable behaviour. In the present investiga- 
tion the Geiger^uller counting system (Type 1-1030 of Elec- 
tronic Corporation of India, Hyderabad) has been used. The 
whole system is schematically shown in Fig. 4. It consists 




















RH 

Kt w,,1a 





28 


of a high voltage si;ipply (1000 volts to 2000 volts output), 
a preset timer capable of reading time accurately upto 
0.1 secs, and a decade scaler to record the member of 
counts from the G.M, detector, She &,M. detector is 
mounted on a bakelite stand. Ihe radioactive samples are 
taken in planchets (as described later) which is turn can 
be fitted Into racks provided at various levels in the 
bakelite stand. A lead castle envelops the whole mounted 
assembly minimising the backgroxand. 

Standardization of Conditions: 

The optimum values of (a) voltage to be supplied to the 
central wire, and (b) disc, bias 'Hhich depend on the noise 
level, have to be experimentally determined for a particular 
G.M, tube. As the voltage is increased from the threshold 
voltage at which the detector starts sensing the p— rays, the 
count rate increases in the initial stages. It then levels 
off for a fairly large range of voltage, again to start 
increasing at very high voltages (See I*ig. 5) • Wider the 
plateau, better is the performance of the detector. Ihe 
change in count rate per 100 volt increase of voltage is 
taken as an index of the performance. Ihe detector used 
in the present investigation showed an increase of 5 counts 
per min. for an increase of 100 volts (as specified by the 
manufacturers). Disc bias of 6 volts and filament voltage 
of 1250 volts were the optimum values for the present system, 
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as fotmd with the help of standard G-14 p source. Depend- 
ing on the concentration level the time for counting was 
kent between 10-50 minutes to obtain sufficiently large 
number of counts. Care was taken regarding background 
and geometry. 

Radioactive 0-14 labelled m3rristic acid had G-14 
at the carbon of the carboxyl group and was procured from 
Bhabha Atomic Research Centre, Bombay. It was supplied in 
the solid form. Ibis was then dissolved in benzine. 

Preparation of lagged Sodiian Myristate Soluti on; 

A suitable quantity ( 7 mg. dissolved in 10 ml- 
of benzene and 0.02 ml was taken) , of tagged myristic 
acid was transferred from the vial to a volumetric flask. 
Excess of sodium hydroxide solution was added to make the 
volume around 15 ml. fhe mixture was kept at 60 C for six 
hours in a thermostat with frequent shaking. Ihe stopper 
was frequently opened to allow the benzene vapour to 
escape. At the end of this period, the saponification 
was assumed to be complete. Ihe resulting solution was 
then added to a solution of untagged sodium myristate. 

Ihe ratio of tagged to untagged ms 1^170 and was maintained 
constant throughout the course of the esperiments) . Ibe 
sol'o.'feioB was s^tocked for fur^fehor 
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.qtandard Gmrve ; 

Throughout the series of experiments, the experimental 
conditions like geometry of the sample holder, filament 
voltage etc. were kept unvaried. !fhe perspex sample 
holders were circular in geometry and about 2/8” deep and 
oould contain 2 ml. of liquid. Varying volumes of tagged 
sodium myristate (less than 2 ml.) were withdrawn from the 
stoch solution and transferred to the planchet, i‘o mete 
the total volume 2 ml. the halanoe was made up hy adding 
untagged sodium myristate solution of the same concentration 
to the planchet. Ihe planohets were then kept at in 

an oven for about 10 hrs. Ihis time was found sufficient for 
the water to evaporate. Ihe planchet was then directly under 
the O.M. counter and the total number of counts were noted. 
Heoessary background corrections were made. The standard 
oallhratlon onrve thus obtained is shorn in Sig- 6,7 for 
different pH values and was used for estimation of solute 
in solutions of unknown concentrations. 

3.4 n..„.^.nat 1 on of Olstrihutio^to emslenli°^. ■ 

M yriste+-^ Between Bodecane 
Twenty ml of aqueous sodium myristate solution of 

varying concentration and containing previously mentioned 

' C.+T n Acid were tatsu in different 
proportion of tagged myristic acxd 

X- ml of dodecane was added, 

glass bottles to each of which 13 ml. 

A -t-vETh+lv and vigorously shaken for 
The bottles were stoppered txgbtly and vxg 

•> 4 - for 6 hrs. fox 

1/2 hr. Ihese were then kept at 30 + 1 6 i 
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equilibriation to take place. Dodecane and aq,ueous phases 
wore separated using a separating funnel. !I?wo hjI. of solution 
from both dodecane and aqueous phase were transferred to 
two different planchets and concentrations ?/ere measured as 
described before. The dodecane solution was evaporated at 
40°Q lor a longer time (30 hrs.). The apparent distribution 
Goeificient which has been discussed in Chapter I ms calcu- 
lated- The res-ults have been tabulated in Table 6, and the 
effect of concentration and pH of the aqueous phase has been 
shown. I'ig. 11 shows the variationof Kjj with pH. 

3.5 Adsorption Measurement: 

Ten ml. of aqueous sodium myristate solution which 
was equilibrated with dodecane in the previous experiment 
was taken in a polythene bottle. One gram of the TiOg powder 
is added and the stoppered bottle is shaken vigorously for 
30 mins. This was then tept at 30 ± 1*^0 iu a themaostat for 
six hours. The supematent liquid is taken out with a pipette 
and centrifuged at 1500 r.p.m. Two ml. of tnc clear ^soiution 
is transferred to the planchet for concentration HBasurement 
as before. The amount adsorbed can be calculi. ted from the 
difference in concentrations. 

The results obtained have been tabulated in Table 6, 
and Figures 12,15 and 14 show the variation of P (Adsorp- 
tion density) with concentration and pH. 
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Similar procedure tos adopted for measurement 
of adsorption from the do de cane phase, fbe results obtained 
have been tabulated in Tables 7 and 8 and Fig. 15 shows the 
variation of adsorption density with initial concentra- 

tion of Fa-My and pH of the aq.ueous phase. Fig. 16 shows 
the Variation of P with equilibrium concentration of 
Fa-My. 

3.6 Contact Angles : 

• For the measurement of contact angles captive bubble 
technique was used. la-Myristate solution wiiich had bean 
equilibrated v/ith dodecane was taken in a cuvette and the 
single crystal of rutile was submerged in it. A drop of 
equilibrium dodecane was then placed on the crystal by a 
bubble holder. The image of the bubble was projected on 
a flat paper surface, and the contact angles were measured 
hy drawing tangents at the; interface atnd measuring the 
angles between the two tangents as shown in Fig. 8. 

Contact angles were; measured at varying concentra- 
tions of Fa-Jiiy and pH. These have been tabulated in Table 9 
and have been plotted against initial concentration of la-My 
in Fig. 18. 

3.7 I nter- facial Tension at feter/ltod ecane Interface: 

The iuterfacial tensions at the water/dodecane interface 
were measured with the help of Oenco Da-Sovy Interfeoial 
tertlometer, both the phases were mutually e(iuilibriated by 
the method discussed earlier. 
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Interfacial tensions were measured and laave 
"been tabulated in Table 10, and have been plotted against 
concentration at different pH's in Pig. 17. 

Three-Phase Interline Adsorption E£per'i™=*nt : 

Thoroughly cleaned rutile crystal was placed in a 
cuvette which was filled with eq.uilibriated sodium myristate 
solution. The dodecane drop was then attached to the sur- 
face by a bubble holder, sufficient time (l/2 hr) ms allowed 
for a stable contact to take place. The crystal was then 
taken out of the cuvette (vdien the bubble also got detached) 
and dried in an oven maintained at 40°0. 

The crystal was then mounted on the ba^ of a travell- 
ing microscope which had a least count of .01 nm. 

G.M. counter tube, which had a lead disc, with a 
fine hold of .004 in. was attached at the bottom^ and the 
whole assembly was moimted on a perspex stand. The entire 
surface of the crystal was scanned by moving the crystal 
under the G.M, tube along a diameter. 

The absolute- count rate at different distances 
from one end was recorded and has been tabulated in 
Tables 11 to 13 at different concentrations and pH. 

Pigs. 19 to 21 show the variation in absolute count. 

rate with distance. 



CHiPIER I? 


Oii' GBRTAIl PARAIi^TERS gRO!;; BiSIC DAT A 

possi"bl6 pslaiiion ship s hsiwsstL nsssouirsd, 
adsorp’bion densi'biesj in’tsrfacial ■fceDsions and contract 
angle s, certain parameters have been computed. 

(l) Distribution coefficient of rayristic acid betvreen 
water and n-dodecane. 


(2) Adhesion tension(Y'j^Yif Q) 

(3) A'/'rw the adsorption isotherm data of aqueous 

phase, 

( 4 ) adsorption isotherm data of dodecane 

phasG. 

Comput a .tion of *D* (Actual Distribution Goe f f icienl^ : 


To calculate the actual distribution coefficient 'D* 
for myristic acid (RCOOH) v/nere 
|RG00 H(q 


IrcoohI^ 

one has to go 'back to equation (4»l) 


(4.2) 


0 


^^D = 


(4.1) 


I RGOO' 


a 


[ RCOOHl , 


substituting (4.2) in (4.1)> 



r 


K-,. 


D 


[RCOO- 

1 + a 


(4.3) 


I RGOOHj , 


In "the acjiieous solution of sodium myristate, the 
following ionic equilibria exists as considered by Dixit 
and Biswas. 



(4.4) 


H*** + oir ; 

H^O 

(4.5) 

-.1- . 

+ G 1 

HGl 

(4.6) 

+ OH" :: : 

HaOH 

(4.7) 

RG00H3 

+ RGOOg 

( 4 . 8 ) 

represents rnyristate 

ions and m 

stands for 


niclle and 3 for solution phase. 2 t.>o distinct cases haT?c 
to be realized, one for concentration .below c.ia.c. ond tb'. 
other above c.rn. c. 

In the present study the concentration of sodium 
rnyristate lies much below c.m.c. wi:iich is around 2.9 s 1*-'’ 
moles/litre. Hence steps II and III in equation (4-4) do 
not come into the picture. Thus for the hydrolysis reaction 

(4.4), 


j RGOOHj^ jOlTl 




(4.9) 


1 RGOO' 



is the hydrolysis constant. For a mass halance on 
myristate ions we have, 

S = (RG00“) + (ECOOE) (4.10) 

where S is the actual concentration of the sodium myristate 
added in mole per liter. 


ITow w^hen S < < c.m.c., the degree of hydrolysis p 
is the fraction of a gram mole of sodium myristate hydro- 
lysed at equilibrium is related to by: 



(4.11) 


the values of p for scteral concentrations and temperatures 
are available (Table 14), for instance at 40®G, p has been 
reported to be 0.25 for sodium myristate concentrations 
of 1 X moles/litres. was calculated for different 

values and was found to be .83 x tO . 

For the hydrolysis' reaction (4*8) , we define another 


hydrolysis constant as 

J a-GOOHia 

^ jRG00“j iH'^i 


( 4 . 12 ) 


Substituting (4. 12} in (4.3) 

D 



It 


(4. 13) 






The actual distribution coefficient D was thus calculated 'aitd 
is tabulated in Table 15, 


4.2 Adhe sion Ten sion : 

cos 6 values are obtainable froia ’Tables 9 
and 10 c-md Figs. 17 j and 18 for the corresponding concen- 
trations. cos 9 at various eon centra tion and .pH have 

been tabulated in Table 16 md the /X'f cos 9 values have 
also been computed with zero value of 9 and myxistic acid 
concentration as the standard point of reference. 

4.3 Computation from the Adsorption Data: 

From Figs. 12, 15 and 14, gf values have been 
computed, by calculating the area under the curve between 


the two concentration limits. 
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d 9 R^Y / ’ RW ^ C 


RTiT I /"^Rf <i In C 

Ci 


( 1 . 8 ) 

(1.9) 


6''hM obtained with, zero value of 0 .eni/aa 
reference points has been plotted against corresponding 
concentration in Figs. 2a to 24, From zero to the lowest 
concentration the isotherm is -assumed to he linear. 

4.4 Oomputation of^pj^ From Adsorption lata: 

From Fig. 16, which is a straight line plot helwreen 
./"rL be con eluded, the function is 

of the type. 

= ^bg a + b log (4.17) 

The slope of this curve gives h which is calculated 
to he 1..0015 and the intercept a is calculated to he 

1.4 X 10“^. 

.aquation (4,^17) now reduces to 

y'BJj ~ ^ ^ 

Row, ^ 

0 

Akl ® ® 

Substituting (4,18) in (1.10) 


(4.18) 

( 1 . 10 ) 
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1.4 X 10”^ 



= - RT X 1.4 X 10 5 (c* _ Q*) (4.19) 


./I Pill 


values have heen computed from eq^uation (4,19). 


/\9eIj values so computed are tabulated 

against t'leir corresponding concentrations and the /yp** 
values are compared with cos 9 values in the same con- 

centration range in Table 17. 


** I 

RW 


RL 



CHAPTER Y 


EISGUSSIQIS 

5, 1 Eistributiori Coefficient ; ■ 

■ With the increase in pH (Pig*- tl) Kjj decreases. 

This is because of the fact that as pH increases the 
degree Qf dissociation increases giving greater percentage 
of myristate ion which is more compatible in the aqueous 
phase. Myristic acid on the other hand is formed at 
lower pH and is more soluble in dodecane phase. It «s 
expected from the theoretical treatment given in (4-.1) 
the previous chapter that Kj^-pH relationship should bo 
linear with a slops'^ hl-~t and thus would correspond to 
some constant value of E (distribution coefficient of 
myristic acid between dddecane and water phase). 

Eig. 11 shows that K^-pH relationship is linear but 

the slope is much greater than unity ( 1.8). The - magnitude 
of D is not very large and shows a decrease with increas- 
ing pH. Thus, the physico-chemical system is not as 
simple as postulated in the previous pages and outlined by 
Shergold and Mellgren**^ in a similar system.- It is p a 
that solubility of myristic acid in the water phase is aU. 
ted considerably in presenGe of OlT and myristate^ ion. 
Hence the pH dependence .of the distribution coefxicien 
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5.2 Ads orpti o n Experjj aent_^ ' 

(q-) Aqu e ous I‘to a_e: 

Maximum adsorption seems to be taking place at pd = 7, 
and the adsorption density is nearly zero at pH = 5 (Table 6 
and 9) . The extent of coverage is 5 percent of the mono- 
layer, the thickness of which comes ortt to be 6,6 x 10“'*° mole a/1 
^-dien the cross sectional area of the myristate molecule is taken 
to he 25 2 . Explanation for such a kind of behaviour 

is to be sought in the prevailing ionic conditions in the 
aqueous bulk phase and the effects of different ionic 
species, e.g. H”** and OH” etc. on adsorption. 

Qualitatively the action of and OH” ions on the 

■ ■ 25 

collector adsorptian can be divided into the following 

(1) The concentration of hydixjgen ions affect the 
degree of dissociation of collector nolcculcs into ions 

(2) H'*' and OlT ions get adsorbed either in the internal 
or external part of the double layer changing the electro- 
chemical and electrokinetic potential and thus affect the 
collector adsoirption on to the surface or on the double 
layer. 

(3) Hydroxyl ions can compete with collector anions 
and hydrogen ions with cations or neutral molecules *- 
during their adsorption on the surface. 

(4) They can remove or favour adsorption of other 10ns 
which are detrimental to the adsorption of, the collector. 



58 


This explains almost zero Adsorption at pH = 5 and 9 
hecausc at pH = 5 there is an abundance of ions and at 
pH = 9, that is an abundance of OH", ions. At pH = 9 , Oi-r 
behaves as a competitor to the myristate ion being adsorbed 
and at pH 5 there is more of undissociated fatty acid which 
is probably not as strongly adsorbed from the aqueous phase 
as the fatty anion. 

(b) Adsorption From Hodecane Phase: 



There is hardly any effect of aq_ueous solution pH 
on the adsorption from dodecane phase-, and therefore irrespec- 
tive of pH a s’traight line was obtained when|^ ?ias plotted 
against the initial concentration barring some minor 
scatter (Table 7)* This strongly suggested that there 
should be one and only one ada^rption isotherm for Ha-My 
on rutile irrespective of pH in the aqueous phase, since 
identical proportions of material were used for all experi- 
ments pertaining to adsorption from the organic phase. The 
adsorption isotherm, in the organic phase as computed from 
the Fig. 15 also turns out to be -linear (Fig. 16). The 
extent of coverage is 15 percent of the monolayer (Table j). 

5.5 Inter facial Tension : 

Interfacial tensions of dodecane-water interface 
decreased considerably upto aqueous concentrations of 
Q.2 X 10“^ moles/lit, beyond this concentration of 
.2 X lO”"^ moles/lit the decrease in interfacral tension 


is gradual. 
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5«4 

Tho con'bact angle is plotted against concentration 
and pH in Fig. 18, upto a concentration of ,2 x 10“^" molos/lit, 
it increases, beyond which they start decreasing and in case 
of pH = 6,7,8 they shoot np again beyond .7 x 10“^ moles/lit. 
initial concentration of Ha-Myristate. 

The BO plots are somewhat nnconTCntional. Usually 
contact angles increase from aero (clean surface) to 
around 90*^ or beyond systematically, with increase of 
collector concentration. In the present system, special 
care was taken to clean the single crystal surface every 
time before use. 

The procedure for cleaning the surface the same 
as adopted by Gaudin, Biswas, Witt^"*,' The rutHe crystal 
was cleaned with hot chromic acid followed by distilled 
Water, concentrated hydrochloric acid, and again distilled 
water and conductivity water, and it was checked before the 
contact angle experiment, that the dodecane drop makes no 
contact with the rutile crystal placed in conductivity 
water. 

Adsorbtion of H'^, Off", dodecane etc. apart from 
collector may be responsible for the unprecedented nature of 
the curve s vliich cannot be thoroughly explained. 



5 • 5 Ad sorp t ion s.l^he. 3~Pha se Intor-Luic 


An attempt was made to determine the exact amoiint 
adaorbod at th^:.. three-phase inter-line using the- 0^^ tracer. 

A series of apertures ranging from ,01 mm to 1 ma ^;.rc employ 
and the quantity of labelled materiel was increased 60 fold 
to get ppr^;^ Gics ble count rate whicn is outside the 


litijit oi errors* Inspite of the constant efforts put in, it 
Was seen that no iiititter how much one increases the di£-;metcr 


of tho hole in the lead disc, and no matter how x:uch of 


l;.,belled iiutc/rial is there, the count rate c.^.me out to be 
very v^^ry low. The reasons for this kind of behaviour pro- 
bably is the low .e.ctivity of the radioactive source high self 
scattex'ing and self-absorption ratios. Ihs czeystal surface 
was scanned and it was inferred that the count rate gives 
the relative amount of material adsorbed at different 


interf ■■.cc s and the three-phase inter-lino ( fables 11,12 end 
13, I'igG. 19, 20 and 21 ). 

5.6 Correlation of Cont.'.:ct _Angle Inte rfac ial fenpion^ an^ 


Adsorpt ion De nsity: 

The equilibrium contact angle: cannot be computed, 
as thoxe is no means of evaluating V and V However, 
changes in the product y cos 0 with increasing myrrstete 
can bo computed and eompared to the experimenucil daba. 

IhiB has been accomplished with the aid of ^xibbs 
adsorption equation ?Aiich xelates changes of interfacia 



tension to surfactant adsorption density and concentration. 
From tbe equilibrium myristate adsorption density _ concen- 
tration curves given in Pigs. 12 , 13 , „ integrated 

to gives changes In the rutile-dodeoane and rutile-nater 
lEterfaoial tensions as a function of myristate concentration 
at constant pH and ionic strength.- 

The rutile water iuterfacial tension did not change 
significantly. The "values decreased rapidly as a function 

of the sodiimi myristate collector. 

The assumption here is that the adsorption of v?ater 
and dodecanc do not alter the interfacial tensions of rutile- 
do do cane and rutile water at a constant pH and ■varying 
collector concentration. 

As myristate concentration in increased at constant 
pH, the Young’s eqmtion relates the change of gj, and^^ 
to the changes of the product cos 0 . 

In Table 17, the change in 2 !i^gj^ and ^ obtained 
from adsorption measurements are compared to values of 
cos 0 obtained experimentally.- Although the values are not 
same the orders of magnitude a are the same. This may he due 
to erroneous computations of /'■ gg and A V terms. Adsorption 
of do de cane , water H'*', OH” on solid surface has not been taxe-u 
into account and this may play some role in changing the 
interfacial tension values* Besides G-ibbs adsorbtion oq,imtioE 
may not be fully applicable if the natureof adsorption is 
chemisorption type, as has been pointed out by Mazumdar and 
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Tlshwamthan'" for Ua-Oleate-rutlle system, uetag i.r. 

toohniq,ue. But Bansal^® has not been able to get any 

peak, in tho IR analysis so the subject Is still controversial. 

Burther more, excessive adsorption at the interline 
clearly shown in this system, Fig, 19,20 and 21 and also 
observed by Majumdar and Tiswanathan''^ seems to have been 
ignored in tho theoretical treatment and hence one may con- 
cludG "bhaii "ths applicaliion of Young* g eq_ua'fcion and G-ibbs 
adsorption equation is difficult. 

The difference in /, t is very small, therefore 

Cfin bo Said that ■ cos 0 is of same magnitude as 

since SV/ negligible . The above observation coupled 
with the verification of a previous postulate that C ^ 

(Table 16 ) points to tbe conclusion that adsorhtion at solid 
liquid interface is much more crucial than at the solid water 
interface. Decker and Gaudin obtained a similar conclusion. 

4 4 

It is surprising that Sbergold and lellgren who worked on 
hematite iso-octane -water system did not measure at 
solid liquid interface. 

5» 7 Conclusions and Predictions on Eecoverv of Slimes 
at tho Liquid Water Interface ? 

It may be pointed out that Shergold and Mellgren®*"^^ 
achieved success in recovery of ultra fine particles. They 
explained the dependence of such a process on surfactant- 
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oonoontratlon ana pH and pointed outS vo« ■ 

. ^''4 . an nniqae 

value of optimum pH ves obtained C6-8). 


In tho present series also, lundamontal stadles 
point towards tho feasibility of a toohnologioal process 
of rooovory of rutile slinae In ^.ter-dodecano. Interface 
with sodiuri myristate as collector. It nay be predictol 
that optinim oollootor concentration should bo in tho 
range of .4 to about .8 x 10"+ moles/lit. and pH around 7, 
(Figure 25 ) . Further work is oonteoplated to yerify the 
predictions4 . . ' 


The present series of ^vorlc indicates that three phase 
contact angle and adhesion tension dearly depend on the 
adsorption magnitude and interfacial tensions in tho three 
interfaces which in their turn have concentration and pH 
dependence. The relationship between the above parameters 
and actual interfacial concentration of slimes should be 
the subject matter of subsequent investigations. 



SlMCES 


1 . 

2 . 

3. 

4. 


Grudin 5 M'lo"fcr'’bio'n ^ • tv/t « 

Co. Inc. 1932 p. i6i)? McGrow Hill Book 


ii.K. Biswas, 'Met. E. 604- -nv 4 ' 

Ohonistry and Metallurgy^, liaag Hotee?°“““ 

P.L. Be Bruyn and G.E. kgar. 'Snrfnr^-. 4. 

1962?^91-i3of“*'’ ]?lotatlon ToliSfiHs 


P * L * Dg Bruyn j, J • Th , G* Overbeek R SJr^h-i'j'hri'o^riTi 

llsorptlonVuatlon.; 

5. Sadden, Rec. Irav. Chin, 80, 1961, 


S.M.E. 


6 . 


7. 


0. 


9. 


(J . H, Schulaan and J , Leja, j ' Control 
at the Oil-Water-Solid Interfaces', 
Soc., 50, 1954, 598-605. 


of Contact Angles 
Irons. Bara lay 



0. Mellgraa and H.l. Shergold, 'Method for Recovering 
Illtrafine, Mineral Particles hy Extraction with an 
Organic Phase', Irans. IMM london, 1966, 75, C 267-8. 

1. Decker and A.M. Gaudin, ’Contact Angles and 
Adsorption in the Systeia Quartz-miter Dodecane 
Modified by D/..C', Journal Coll, and Interface 
Science, 2^, 1967, pp. 151-158. 


10. P, Sonasundaran, 'Ihe Relationship Between Adsorption 
at Different Interfaces, and 'flotation Behaviour' , 

SIAE AmiE March, I960, 105-108. , . - 

11. ' H,Ii. Shergold and 0. Mellgren, 'Concentration of 

Minerals at the Oil-Water Syston in the Presence 
of Sodium Dodecyl Sulphate’, BSM, JS, C 121-32, 

1969. . 

12. H.L. Shergold and 0. Mellgren, 'Concentration of 

Minerals at the Oil/Water Interface,' 311, AIME,2£^, 
149-159, 1970. • 

13. H.l,. Shergold and 0. Mellgren, ’Concentration 

of Heoatitc at the Iso-octane Water -Interface with 
Dodecyl Ariine as Collector', Trans. C 6. - 

C 68, 1971. 



66 


14. 


15. 


16. 


17 . 


18, 


19. 


20 . 
21 . 
22 . 

23. 

24. 

25. 

26. 
27, 


I. J. liri and 4. Motzer, ‘Adsorption Densities '^n 
Interfaces in Three Phase S7steE* t mi 
I nterface Science, 40, No. 2, m2l 

J. Pownoy D*0, Jordon* HydrolY^l^^ nf 

Sleetroae and^H MeasSe- 
nentsS Trans. Para, Soc. 3£,„ t930, p. 563. 

S.C. Dixit, A.E, Biswas, ’pH-Dependence of the 
Flotation and Adsorption Properties of Sone Beach 
Sand Minerals', SMB, /iDIE, 2^, 1969, 173-173. 

I.N. Plaskin, 'Using Mlcroantoradiography for the 
Stutjj of the Interaction Reagents ?.ath Minerals 
in Flotation' , 2nd International Congress, of 
Surface Activity, ?ol, 3, 1957, 355-367. 

I.N. Plaskin and R. Sh. Shafeyer, 'On Properties 
of Distribution of Xanthate on the Surface of 
Sulphide Minerals', Journal of Mines, Metals and 
Puds, July 1960. ' 

MazuT-idar and Vishwanathan, 'Collector Regulator 
Interactions in the Plotation of Beach Sand Minerals 
Under Conditions of Soap Plotation' , Trans. IIM 
gC, No. 1, Pob. 1973. 

A.P. Taggart, 'Handbook of Mineral Dressing', John 
7/iley and Sons, Inc., New Tork, 1945, 

G-.L. Sinard, M. Burke, D,J. Salley, SIS, Trans. 

AME _102, 1950, p. 359. 

A.M. Gaudin and P.l. Bloecher, aCB, Trans. AIME, 

107, 1950, 499. 

A.M. Gaudin and P.L. De Bruyn, 'Radioactive Tracess 
in Blineral Engineering Prohlens Particularly ^ 
Plotation', Canadian Min. Metall. Bull. 42, 1949 >331* 

A.M. Gaudin and C.S. Chang, 3IE,, AMS, 192 > 1952, 19 v* 

S.G. Dixit, Ph.D. Thesis, IIT Kanpur. 

V.K. Bansal, M. Tech. Thesis,, IIT Kanpur. 

M.L, Corrin and ¥,D. Harkin, ‘^teim^tlon of the 
Critical Concentration.for Mxcene g 1 

Solutions of Colloidal Electrolr^es hy 

Ghange of a dye ' , J. An. Chen. Soq. 69, 1947, dd- 



67 


20 . 

29. 

50. 

31. 

32. 

33. 






'■^,Stu3y on Micellar 

ei, 196o 7 Solutions', J, of Phys. ohcn. 

fclti”rcOTcentr-tIoB''“?’, ®"S5?°= iotivity anl 

Saturated Aqueous Solutions of 

Hydrolysis % Tr^SS'^ Suppressed 

joxi> , irans. iarai. Soc. 34, .1930, 372. 

TO,' Iho'^leosOTmont of’^’ 4 “ 'ilsorptlon 
Finely Dividp?^l???L f Areas of 

ippl. Ohenff jgf lief, fal! ^asorptlon', Journal 

Oontart"SSiot'!; ;%rteresis of 

Rutile f-niS %stcn Organic I.iquid-,^feter~ 

uoix., bb.H,, tearch, 1964, p. 1. 

Q- 4 * Ha^iji and S.M. Oes^i ^Ironertir'c; v 4- # 

Science onl Culture InffS^ja, illf! sIs" > , 

Sherrih anl C.M, Hollabaui^n 
Polarity of S0III3 

1954 489! ^ ® '“easureasnts',j. Phys. Chen. «, 

Schjaeider v t -4 - 

Isoi:ierisr-.’n-F TT^o + 'A Monolayer Sfculy of the 

4 f 0?f? oxy Patty Acids', 

jys. and Coll. Chen.. 1949, p. 12 -je. 



68 


Sable 1 


p roperties of Myr istip 


Kol, Ft. 

. * 

Specific Gravity: 
Melting point: 
Boiling point; 
Water solubility: 


228.36 

•853 

57 - 58^0 
250. 5°G 

Hll (1 go./ 100 nl. of wter) 


lablo 2 



Mol. T/fc. . : 
Befiactive Index; 
Specific Gravity: 
Melting point;. 
Boiling point; 
Water solubility: 


170.33 

1.421 

0.751 

-9.6°G 

215°C 

Uil 



Table 3 

Effect of Fa-My on Specific Conductance 
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Sl*ITo* 

Concentration 
nole s/lit .xlO^ 

Specific conductivity 

1 X 10-2 

1 

6.25 

5»36 

2 

4.35 

3*92 

3 

3*22 

3. 12 

4 

2. 44 

2.56 

5 

2. 17 

2.48 

6 

2.00 

2.42 

7 

1.74 

2.32 

8 

1.43 

2.16 

9 

1.25 

2.08 

10 

1.12 

1.92 


Table 4 

Variation of Absorbance with Na My 


Concentration 

SI. No. 

Concentration 

Absorbance 


mole s / lit 

X 104 


1 

.8 

.27 

2. 

1.0 

.34 

3 

2.0 

.35 

4 

3.0 

.43 

5 

4.0 

.48 

6 

5.0 

. 46 
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Table 5 


Db ‘teimiina'tion of Adsorpiiioii Isobho]?!!! ion fhe 

System TiO'^/PiP 


SI. Absorbance Corresponding 
No. values after concentrations 
equilibriation from standard 
with PNP at curve ^ 

400 m . moles/lit x10^ 


Corrected Initial lumber 
concentra- concen- of moles 
tions after trations trans- 
adjusting of PNP ferred 

of PSP. 


1. ' 

*39 

6.0, 

6 z 

10”^ 

7.2 X 

10-5 

24.0 

2 . 

*22 

3.41 ■ 

3.41X 

10-5 

5.0 X 

10”5 

21.8 

5 . 

*325 

5.0 

5x5 X 

10“^ 

1.0 X 

10“5 

10.0 

4*. 

• 14 

2.2 

2.2 X 

10"^ 

7.2 X 

10-"^ 

10.4 

5* 

.10 

1.6 

1.6 X* 

10-f 

5*6 X 

10“"^ 

4.0 

6,: , 

.24 

3.75 


ie"5' 

5.76x 

10-5 

.4 
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Ts^ble 6i Adsorption fron Aqueous Solution on SiOg Powder. 


SI. 

Ho. 

pH 

initial 
aaount/ 
2 nl 
(iioles) 

Initial 

concn. 

nolos/ 

lit. 

x1 1’^ 

Count 

rate/nin. 

after 

equilib- 

riation 

solid 

Correa- Anount 
ponding adsor- 
anount bed in 
m ncles/ 

roles ' . 

X 108 

Anount Equili- 
adsorbed teiun 
in concn 

rjoles/ ncles/ 
01-2 lit , 

-.12 5 

Xt. XtO-^ 

1. 

5 

t.o 

0.5 

63 

1.0 



' ' . 5 

2. 


1.~ 

0.5 

66 

1.0 



■ * 

3. 


'.7 

0.35 

56 

o.s 



".35 

4* 


'.3 

0.15 

25 

0.35 

8 

'1 

".15 

5* 


".15 

'■■.075 

16 

".2" 

0 


".'"75 

1, 

6 

1.9 

0.95 

88 

1.32 

0.58 

1.0 


2* 


1.25 

0.625 

77 

1. 

:.15 

4.9 

0;55 

3. 


1.0 

0.50 

4-^ 

0.60 

n / ^ 

1.3" 

■ 0.3 

4* 


0.5 

0.25 

8 

0.12 

0.30 

1.25 

0 . "'6 

5 • 


V' , 2 

. 1 

6 

0.09 

".11 

.35 

•"."45 

1. 

7 

3.0 

1.5 

66 

0.99 

10.05 

32. '0 

0.49 

2! ♦ 


" 2 • ' j 

' 1.C 

60 

0.9- 

5.5 

17.9 

A C 

K*' ,# If' ^ ' 

3 • 


1.45 

0.725 

34 

0.51 

4.7 

15.3 

■ 0.255 ■ 

A 

at 


0.10 

■ 0.05 

4 

".06 

0.2" 

4# 0 5 


5- 


■ : . 5 

■ 0.25 

13 

:.195 

1.515 

.05 ■ 

o.oio ' ■ 

1. 

8 

7.8 

■ 3.9 

490 

6.06 

4.7 

15.3 

3.43 

2. 


7.1 

3.55 

459 

6.43 

3.35 

1‘:.9 

3.215 

3. 


5. 

2.50 

310 

4.34 

3.3" 

r .75 

2.17 

• 


3.0 

1 . 5:' 

101 

1.414 

7.93 

20.9 

0.707 

5. 


1.4 

0.7 

38 

1.22 


2.95 

. 6 1 

1. 

■ 9 

13.5 

6.75 

971 

13.5 

w' 

A, ■ 

„ W 

6.75 

2. 


11.5 

5.75 

033 

11.5 



5.75 

3. 


4.2 

2, 10 

293 

4.2 

J ' ' 


2.1 

4. 


3.0 

1.5 

220 




1.5 

5-. 


1.3 

0.65 

GO 

1^3 



0,65 ' 









VJI -4^ r\> ^ vjn vjki i\n 

• • • . . y • ri^r^ 


!Pablo 7: Adeorptioii iron 
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Or^c Phase (Dodecane), 



Initial rA,,r,+ 

anomt icitlai 


in two 
nl, 

jnoles 

xi:8 


foncn. (/^in 
noles/ after 
itt. eqbln 

xlo^ with 

solid 


Corres- ioouiit /iriAiiri+ -o vt 
ponding adsOT- Eqbln. 

anount bed concn. 





73 


Table 8 



A'isorption 

from PDdeca; 

ae Phase - 

on Ti 02 powier 


SI. 

IT 0 . 

noles/cE^ 

1? 

X to' 
lAl 

Inoimt 

absorbed 

|a( X 1,53 

X lO"^ 

Initial 

concen- 

tration 

X lo"^ 

Initial 
amount 
in moles 

X 10*^ 

Pinal 

amonnt 

in 

noloa_ 
X 10' 

Equili- 

briun 

concen- 

tration 

X 10^ 

1 

10 

1.53 

.16 

1,6 

.07 

.7 

2. 

20 

3.06 

.32 

3.2 • 

. 14 

1.4 

3. 

30 

4. 59 

.48 

4.8 

.21 

2.1 

4. 

40 

6.12 

.64 

6.4 

.28 

2.8 

5. 

50 

11.65 

.’80 

8.0 

.35 

3.5 

6. 

60 

9.18 

.96 

9.6 

.42 

4.2 

7. 

70 

10.71 

1.12 

11.2 

.49 

4.9 

8. 

80 

12.24 

1.28 

12.8 

• 56 

5.6 

9. 

90 

13.77 

1.44 

14*. 4 

.63 

6.3- 

10. 

100 

15.30 

1.50 

15.0 

.70 

7.0 


Table 9 


Effect of pH on Contact Ingles in the System Rutile 
Water- Do de cane , Varying the Concentration of 
Sodium Myristate in ifeter. 


S.Ho. 


Concn. 
of Ha My 

in water ^ 

mole s/lit. “ 5 


Contact jtagles 
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Table 10 

Effect of pH on Intenfacial Tension of Fater/Itodecanc 
Varying the ^onoentration of la-Msrristate 


SI. No. 


1 

2 

3 

4 

5 

6 

7 

8 


Concn. of 
Na-My 
( Initial) 
mole s/lit 

X 10^' 


0 


.04 


.08 

,16 

.20 

,40 


60 


.80 


Interfacial tension in 
dynes/cEi 


: = 5 

6 

7 

8 

9 

45 

45 

45 

45 . 

45 

39,7 

- 

- 

- 

. 

38.5 


- 

- 

- 

- 

- 

38,3 

- 

35.8 

32 

33.1 

35,2 

33.5 

32.1 

32.3 

32.5 

34.8 

33.0 

31.7 

32.1 

31.0 

34.2 

32.7 

31.6 

31.3 

3 l.'o 

35.7 

32.5 

30.7 

29.7 

29.6 

33.0 

31.0 

50 • ^ 


9 


1.0 
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Table 11 ■ 

Variation of Absolute Count Rate with 
— ^ I>istance concentration = .2xifi~^njlcy:/l ^t . 


SI. No. 

Distance 

Counts/ 10 minutes Zero/ 10 

minutes 

Cormt/ 

ninuto 

1. 

76.5 

550 

520 

3.0 

2. 

75.5 

464 

520 

0 

3. 

74.5 

513 

520 

0 

4. 

73.5 

542 

520 

2.2 

5. 

72, 5 

535 

520 

1.5 

6 . 

71.5 

516 

520 

0 

7. 

70.5 

512 

53) 

0 

8. 

69.5 

449 

520 

0 

9, 

68.5 

494 

520 

0 

10. 

67.5 

470 

520 

0 

11. 

66.5 

470 

520 

0 

12. 

65.5 

504 

520 

0 




Onn r-entrat ion 

= 1 X noles/lit;. 

n 

63.0 

531 

526 

1.1 

2. 

63.5 

540 

498 

2.0 

3. 

64.0 

529 

638 

2.9 

4. 

64.5 

537 

520 

1.7 

5. 

65.0 

560 

520 

4.0 

6k 

65.5 

548 

520 

2.8 

7. 

66,0 

571 

520 

5.1 

8, 

66.2 ' 

528 

520 

0.8 

9. 

66,4 

598 

520 

7.8* 

10, 

66. 6 

587 

520 

6.7 

11. 

66^6 

564 

520 

4*# % 

12. 

67.0 

558 

520 

5.8 

13. 

67.8 

571 

533 

5. 1 

14. 

15. 

67,8 

68.0 

559 

571 

520 

520 

3.9 

5.1 

16. 

17. 

18. 

19. 

20. 

21. 

68. 5 
• . 69.0 

69.5 

70.0 

70.4 

70.6 

581 
' 567 

571 
. 579 

571 
, 541 

520 

520 

520 

520 

520 

520 

520 

4i.7 

5*.1 

5.9* 

5.1 

2.1 

0 

22. 

71.0 

520 

520 

2,0 

23. 

24. 

72.0 

73.0 

548 

550. 

520 

3.0 
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3?able t2 


VariatioD of Absolute Comt late with 
J>istance 
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Tcblo 13 


Tarl-tion of Absolute Count Rate with 


Distance 


pH = 8 


Concn. = 

,2 X 1 

nolGs/OiJ/ 

SI * i^'i o..* 

Distance 

Oounts/ 10 , min. 

Zero/i: 

Count/ 




adnutes 

minute 

1- 


539 

535 

■ ^ . , . 

2. 

1 

498 

536 

, 

3. 

2 

539 

535 

'■■.3 

' (- ♦ 

3 

541 

536 

3.5 

5* . 

“r 

550 

536 

i # A* 

S « 

5 

543 

536 

7 

1 m $ 

7. 

6 

519 

53 s 


8. 

7 

537 

556 

:.1 

9. 

8 

503 

536 


10. 

9 

481 

536 

■ 3 ' 

11. 

10 

497 

536 




Concn, =1x1"' 

mlo s/lit. 

1. 

0 

513 

501 

1.3 

2. 

1 

493 

486 

•^4. ■ 

3. 

2 

523 

50 : 

2. 3^ 

4. 

2.6 

579 

^ A 

7.9 

5. 

2.8 

568 

5C 3 

5. 8 

6. 

3.0 

546 

■ 503 

4 . 6 

7. 

3.5 

531 

5 a-. 

3-1 

8. 

A. '' 

•T ♦ 'v- 

551 

5:0 


9, 

5.0 ' 

546 

5::- 

4 « 5 

’ 1 . ^ 

10. 

11. 

6.0 

6.4 ■ 

527 

558 

50' 

' 5 :'- 

2.7 

12, 

6.6 

549 

50 : 

4.9 

13. 

6.8 

527 

5 :-^ 

2.7 

1 ^1- . 

7.0 

480 

50 ' 


15. 

8.0 

518 

5 : 

1.3 

16. 

" 9.0 

501 

500 

3. 1 


. ' 






Table 1Av l^ercentage Hydr >lysis at Different S ao 
Concentration |Na-J'-y{* 


3cr 


S.Hc . 

1 
2 
3 

A 
r 


Soap concentration Molar fatty 


.0001 

.0003 

.0C1 

'•.035 

.01 


1.B 

. 3.6 

11.7 

12.5 

17.: 
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Table 15 


Variation of »D» with pH 



5 

io~5 

8.35 X 10^ 

9.07 

9.07 

6 

10 ~^ 

8. 33 X 10^ 

5.85 

5.85 

7 

10 ~'^ 

8. 33 X 10 ^ 

3.-99 

4.07 

8 

10~® 

8.33 

0.845 

0,946 

9 

10“^ 

0.833 

0.298 

0.656 




Table 16 : Sxpcrinental ValuosofZ'V 


I 





CD 


O 

m 

o 

o 


<3 


!>- 


O 

rH 


4H 

O 

03 

D 

iH 

O 

43 

■Q 4 

n 

o 

o 


-P 

D 

M 

u 

0 

ft 


44 

O 


o 

03 

•H 

R 

d 

O 

o 


< 


m 

a 

o 


■e 

o 

CQ 

& 


<3 


;s: 


rc$. 


V 


p 

o 


<• 


# 

If >> 

% ^ 




•>. ® 
tS o OJ 

aA' ^ ''*^"' 

-Ci W 


CQ 

S li 


-H 


43 

*H 


O D2 
GQ in 0 
oj OiH 


o 

R - ._. 
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o 

o 
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-P 

,9 


w 
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rH O 
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•H 

a rH 

d \ 
O 

0^^ 0 
'd' O H 

a o 't- o 

H H H S 


-P 

•iH 

H 


an- ® 
0 0 (D 

d T-.r-l 

o o 

o lx* a 


^tr\ (X) 


m 

■oj<Mcy(V 

°fSKR ogip^g 


cy o 

mT-co 

£nt>-CB 


m 
CD U3 
'*sf*tr\c\i 


O CM o O 

'** C\| fOi CM 

» I i I f I 


i£\ 

CO CM: • 

O • •CM O 
O CO ^ 

I I ! 


W^Lnm 

■ for^-QD t- 

O ^-O) CMm3 

T- T- 
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LA 

■^c O o 


MD 

lAia'O 


t'fT ,7?^? 


n\ 

tODCM ^gl^JO 

o4 ®AcC 

« I f f I I . iTT 


OIAt-I^ OVDC^in 

* • • • ♦ 
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CM 
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O CM H’MD 


VD 
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O CM 


O - CM' H-MD CD 


CD 


*CM^O|H- T-CMK\H" ^CMtAH-lA- 



Table 18 : Effect of pH on Contact Ingle, Interfacial 
Tension, Adsorption Density and Adhesion 
Tension at a Fixed Ha-My Concentration. 


SI. „ Goncen- 
No. ^ tration 


Concen- Inter- Adsorption Adhesion 

tration Contact facial density tension 
of Ha-^iy Angle tension .-t ^ -/-t / w cos 

in water in / r R/Xi T= fL/W 

Cooles/lit)aegreo3 (^^3/ (aynes/=n) 

^ 'IC*' cn) X cn2)xl0''^ 
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lable 19 

Variation of with pH 

31. Initial County' Correspond- tount 

-’lo. concn. minute tog amount transferred 

xlo^ to moles to organic 

eqlm. ^ ^^7 phase to 

moles X 10 ' 


£H 

1 

1.0 

62 

1*0 

19 

2 

0.75 

67 

1.0 

14 

3 

0.5 

45 

0.7 

9,3 

4 

0.25 

25 

0.3 

4.7 

5 

0. 1 

12 

0.15 

1.95 

oH 

1 

= 6 

1.0 

128 

1.9 

18.1 

2 

0.75 

86 

1.25 

13.5 

3 

0.5 

62 

1.0 

9.0 

4 

0.25 

29 

0.5 

4.5 

5 

0.1 

15 

0.2 

1.8 

oH 

1 

=_2 
■ 1.0 

20 C 

3.0 

17.0 

2 

0,75 

134. 

2.4 

13.0 

3 

0.5 

89 

1.45 

8.5! 

4 

0.25 

50 

0.5 . 

4.5 

5 

0.1 

6 

0.1 

1.9 

M. 

1 

= 8 

1.0 

56 'v 

7.8 

12.2 

2 

0.75 

516 

7.1 

8.9 

3 

0.5 

357 

5.0 

5.0 

4 

0.25 

230 

3.0 

2.0 

5 

0.10 

98 

1.4 

0.6 

£ H _ 

1 

1.0 

971 

13.5 

6*5 

2 

0.75 

833 

11.5 

5;5 

3 

0.5 

293 

4.2 

5.8 

4 

0*25 

228 

3.0 

2.0 

5 

0.10 

80 

1.3 

0.7 


Mstrihution 
coefficicnte Kean 
% Kp 


12.53 
9.1 
9.1 
10. 1 

8,0 


9. C 7+1 


5.85 

7.15 

5.85 

5.85 

5.85 


5.85 


3.9 

4.23 

3.84 

5.85 
12.33 


5-99+1 


1.04 

0.845 

0.65 

0*42 

0.325 


0.845+0 


0,225 

0.195 

0.91 

0.420 

0.351 


*. 3 + 0.1 
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